We tried to establish an evaluation technique for the varietal characteristics of lavender oil to compare their fragrance components. Nine cultivars of Lavandula angustifolia and 6 cultivars of lavandin (L. angustifolia × L. latifolia) plants were cultivated in Tsukuba, Ibaraki and 3 cultivars of lavandin were cultivated each in Kitahiroshima, Hokkaido, and Unzen, Nagasaki in Japan. The fragrance ingredients were extracted with ether by immersing from their calyces, which were adjacent to flowers. The extract solution was analyzed with gas chromatography-mass spectrometry. The concentration data were then converted into the ratio between the precursor and the product which relate to the estimated fragrance ingredient formation. The precursor and products of two types of reaction were analyzed: linalool and linalyl acetate, and lavandulol and lavandulyl acetate as the characteristic alcoholic fragrances and their acylated derivatives in L. angustifolia and lavandin, and borneol and camphor as the alcoholic fragrance and its specific oxidized derivative in lavandin only (precursor and its product, in that order). The analytical results of different sampling dates of every variety showed a similar fluctuating pattern of ratios during flowering periods in a cultivation location in different years. The relative positions of ratios among varieties were nearly constant and also showed similar results in different cultivation locations in different years. This result suggested that differences in the component ratios among varieties by testing same-stage calyces in the same cultivation area sampled on the same day showed varietal characteristics.
Introduction
Lavender (Lavandula species) has been used as an ornamental shrub and a cut flower, and its essential oil has been in demand as a perfume ingredient since the Middle Ages in Europe. Recently, breeding for essential oil has been active for L. angustifolia P. Miller and in lavandin (L. angustifolia × L. latifolia Medikus). The collection quantity of the essential oil of lavandin species is higher than that of L. angustifolia, and its aromatic odor is similar to L. angustifolia species, which is called true lavender (Lammerink, 1989) .
The essential oil is generally produced by vapor distilling the lavender spike from the flowering period, and the method of extraction with organic solvent is called 'absolute'. It has been said that lavender essential oil made from L. angustifolia is higher in quality than that of lavandin, because the linalool and linalyl acetate content is higher in L. angustifolia and the essential oil content is smaller than in lavandin. In addition, oil of L. angustifolia is considered much higher in quality than that of lavandin as the camphor content is lower (Mori et al., 2002) .
Because there is quality difference among essential oils from different varieties of lavender, the fragrance constitution is an important varietal characteristic of lavender. Methods such as vapor distillation, head space, solid phase extraction, and solvent extraction etc. are used for collecting fragrance ingredients. The constitution of the fragrance ingredients changes with each method (Kim and Lee, 2002) . We should confirm the uniformity of fragrance constitution in the same variety in order to use them as varietal characteristics, and choose a rapid fragrance extraction method with many samples for fragrance analysis. For this reason, we adopted the diethyl ether extraction method for fragrance extraction by immersing lavender calyces immediately after sampling. It is necessary to concentrate the extract solution to detect minor ingredients of fragrance, excluding linalool and linalyl acetate that occupy nearly half of the fragrance content in the lavender calyx. The extract solution was concentrated 5 times under nitrogen gas flow before analysis with gas chromatography-mass spectrometry (GC-MS).
The fragrance transition of lavandin during the flowering period was reported (Lammerink, 1989) . It showed the fluctuation of % composition of eight ingredients in essential oil during approximately 1 month. The behavior pattern of individual ingredients was similar in 3 years of flowering. In our preliminary investigation during 2001-2002, we compared the coefficients of variances of individual linalool and linalyl acetate contents with their content ratios (linalyl acetate/ linalool) using calyxes just before flowering in 10 stocks per variety. The coefficients of variance of content ratios were lower than those of individual contents in 'Grosso' and 'Bogong' varieties in 2 years. From these results, it is suggested that the ratio of the precursor product (content ratio), which relates to the estimated fragrance component formation, is more stable.
As the essential oil quantity per spike during the flowering period also fluctuated (Lammerink, 1989) , it is suggested that the content variation of some fragrance ingredients during the period may be large. Angioni et al. (2006) also reported that the compositions of essential oils obtained from L. stoechas L. spp. stoechas collected during the blooming period changed with the sampling date. For that reason we adopted the content ratio, not the content of individual ingredients, to evaluate differences among varieties. Because it is important to obtain the results from the same relative location of content ratio among varieties at the different cultivation places, 3 varieties of lavandin planted in 3 cultivation areas in Japan were investigated.
Materials and Methods

Plant materials
In the preliminary investigation, 2 cultivars of lavandin cultivated in a field of the Herb Harmony Garden in Joso, Ibaraki Prefecture, Japan were used to confirm fragrance uniformity in a variety. Another cultivar was used to confirm the stability of fragrances using sealed calyces during transport at room 
Sampling
Five plants per cultivar were used and at least 10 flower spikes were collected from each plant per sampling on a day with no rain to avoid wet calyces. Spikes in partial bloom were collected from each plant at the beginning, middle, and end of the flowering period, which lasted about 1 month. Collected spikes were immediately stored at 4°C without covering. Spikes collected in Kitahiroshima and Unzen were sent to Tsukuba on the sampling day in cold storage and arrived within 2 days. Calyces just before flowering were picked from the spikes on the sampling day in Tsukuba. Spikes from Kitahiroshima and Unzen were treated in the similar way on the arrival date. The number of calyces in 0.5 g fresh weight of calyces was counted, and the calyces were immersed in 12.5 mL of diethyl ether in a capped glass tube immediately and stored at room temperature for 4-12 h. The glass tubes were then stored at 4°C until dehydration.
The cooled diethyl ether extracts were dehydrated in a funnel partially plugged with silica wool and put through anhydrous sodium sulfate into a 25-mL graduated cylinder. After drying, the extracts were concentrated to 2.5 mL under nitrogen flow. The concentrate was analyzed by GC-MS.
Chemicals
Linalool, linalyl acetate, borneol, (+)-camphor, 1,8-cineol, and (R)-(+)-limonene were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Lavandulol, lavandulyl acetate, β-caryophyllene, and 1-octen-3-ol were obtained from Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan). Terpinolene, terpinen-4-ol, and β- 
GC-MS analysis
The volatile compounds were analyzed on a Shimadzu GC-17A equipped with a GCMS-QP5000 mass spectrometer attached to a DB-WAX (0.25 μm × 30 m × 0.25 mm) fused-silica capillary column (J&W Scientific, USA). Helium (1 mL·min −1 ) was used as the carrier gas. The injector temperature was 230°C, and the injector was set for split injection at a split rate of 1 : 50. The oven temperature program was as follows: 70°C for 2 min, ramp to 240°C at 4°C/min. The interface temperature was 230°C. The mass range was m/z 50-550, and electron energy was 70 eV. The main components were identified by comparison of mass spectra and retention time data with data of authentic samples. The compounds were quantified by utilizing the total mass ions detected and the calculation curve method.
All chemicals were dissolved in diethyl ether to create a calibration curve for quantification. The ranges of concentrations used for the calibration curve were as follows: linalool and linalyl acetate, 0-4 g·L −1 ; all other compounds, 0-2 g·L −1 .
Results
Because the concentrations of linalool and linalyl acetate in the lavender calyx extracts are high, we had to concentrate the extracts to measure the quantities of the other ingredients. To determine the decrease in the amounts of fragrance ingredients upon concentration under nitrogen flow, we measured the amounts of target fragrance ingredients in calyces at the same stage from one plant at different concentration rates. From the results, we confirmed that the content and composition changes upon concentration were small.
The coefficients of variances (CV, %) of individual linalool and linalyl acetate contents, and individual borneol and camphor contents among each 10 stocks of 2 cultivars were higher than those of their content ratios in both 2001 and 2002 (Table 2 ). On the other hand, the CV% of the content ratios between lavandulol and lavandulyl acetate were similar or slightly higher than those of individual contents. The possible cause of this is that the lavandulol content was close to the detection limit (0.01 mg·g −1 calyces). These results indicated that the content ratio was useful for the evaluation of varietal characteristics. We quantitated 8 other fragrance ingredients at the same time, and determined them from their mass spectra and from the retention times of the reference standards. Since the reactions among individual ingredients along the biosynthesis pathways were unknown, we make quantitative comparisons (Table 3) . From these results, it is suggested that the varietal characteristics can be well represented by the content ratios, as the relative positions of some components between the two tested varieties were inverted among the test years, and the CV% of some components largely fluctuated among years. We think that by extending target components to the ingredients with known reactions on the biosynthesis pathways, we can obtain more detailed varietal characteristics. The results of the stability test of fragrances under different temperatures during 29 days of preservation showed that the degradation of individual fragrance content was not recognized after 15 days of preservation at any temperature. The content ratios were stable during 29 days of preservation (Fig. 1) ; therefore, the transportation of sealed lavender spikes under cool (4°C) conditions least influenced the content ratio in our study, because our preservation period was less than 2 days.
The number of calyces used was counted to determine the variation of calyx number by weight. The CV% of the tested calyx number for each cultivar were 1.74-11.38 for lavandin in Tsukuba, 4.33-16.37 for L. angustifolia in Tsukuba, 5.19-11.60 for lavandin in Kitahiroshima, and 1.71-10.14 for lavandin in Unzen.
Seasonal changes in linalyl acetate/linalool (lin-a/lin) and lavandulyl acetate/lavandulol (lav-a/lav) ratios were determined by GC-MS analysis. From late May to late June, the lin-a/lin values of 9 cultivars of L. angustifolia ranged between 0.50 and 5.12 (Table 4) ; and the lin-a/ lin values for 8 of the 9 cultivars were more than 1.0. The values for the 6 lavandin cultivars ranged between 0.06 and 1.53 during the period from early June to midJuly (Table 5 ). The ratio ranges of the lavandin cultivars were generally lower than those of L. angustifolia cultivars. The lin-a/lin values of the cultivars changed with the sampling date; however, the relative positions of the ratios for the cultivars on a given date did not differ significantly. For 'Royal Purple', 'Hayazaki No. 3', 'Long Purple', 'Osozaki No. 4', 'Purple Mountain', and 'Royal Pot' of L. angustifolia, the mean values of lin-a/lin were similar among cultivars, but their relative locations on a given date were fixed.
The amounts of lavandulol and lavandulyl acetate were low compared to the amounts of linalool and linalyl acetate. The lavandulol contents of a few cultivars were under the detection limit of this analysis (0.01 mg·g −1 calyces). These low lavandulol contents caused the standard errors for lav-a/lav to be larger than those for lin-a/lin (Tables 4 and 5 ). In a few cases, the relative positions of the lav-a/lav values for L. angustifolia cultivars changed with the sampling date; however, the relative location of the lav/lav-a value for each cultivar was similar to the location of its lin-a/lin value. The lina/lin values of some lavandin cultivars ('Impress Purple', 'Province', and 'Grey Lady') decreased substantially at the end of June, and their lav-a/lav values showed a Table 3 . Mean value and coefficients of variance (CV) of individual contents excluding 6 ingredients shown in similar trend. The relative positions of lin-a/lin on a given date were also fixed in lavandin cultivars. Borneol was detected in both L. angustifolia and lavandin cultivars; however, we detected its oxidized derivative (camphor, which is in the ketone series) only in lavandin cultivars. The relative positions of camphor/borneol (cam/bor) ratios for the 6 lavandin cultivars showed no variation with the sampling date (Table 5) . Table 4 . Variations of linalyl acetate/linalool ratios and lavandulyl acetate/lavandulol ratios with sampling dates for 9 cultivars of Lavandula angustifolia.
-indicates the lavandulol content was less than detection limit (0.01 mg·g −1 calyces). z Mean ± SE (n = 5). The relative positional relationships of lin-a/lin, lava/lav, and cam/bor ratios among the 3 cultivars of lavandin in Kitahiroshima in 2003 and 2004 were similar to the relationships observed in Tsukuba, although the flowering period in Kitahiroshima was about 1 month later than that in Tsukuba (Table 6 ). In 2004, the flowering periods in Tsukuba and Unzen overlapped. The relative positional relationships among cultivars did not differ among the 3 locations in 2004 (Table 7) .
Discussion
The fragrance ingredients of lavender with the same stage of calyxes fluctuated during the flowering period in each variety, but the trajectory of the content ratio between a precursor and a product over time did not intersect among varieties. This suggests the stability of the relative position of the content ratio of a variety. This showed that the individual reaction of a fragrance ingredient has a specific varietal activity. Shalit et al. (2003) reported that acetate esters are produced from alcohol-based compounds by acylation reactions catalyzed by alcohol acetyltransferase (AAT). When AAT obtained from rose petals was added to various types of alcohol-based compounds, all of the compounds showed acylation activity, although the activities differed with the various compounds used. It was thought that a similar reaction occurred with alcoholbased compounds of fragrance ingredients of lavender calyces. AAT of lavender may react with different alcoholic precursors (linalool and lavandulol) with different acylation activity or a different type of AAT may react individually with them. As the individual content ratio with the acylated reaction among varieties fluctuated during the flowering period, it is supposed that the reaction rate of precursor production differs from that of precursor acylation.
Although the lin-a/lin and lav-a/lav ratios of a cultivar were different, the seasonal changes of the two ratios among the different cultivation areas than with the acylation reaction, and the fluctuation band of content ratios during the test period was smaller. This suggested little environmental influence for the oxidized reaction. As camphor was detected in L. latifolia (unpublished data) and not with L. angustifolia, this oxidation activity in lavandin was suggested to be of L. latifolia origin.
The evaluation of differences among varieties in the fragrance component of the lavender requires the organization of sample calyces of the same blooming stage on the same day in the same cultivation area. Since the flowering periods of L. angustifolia and lavandin start 2-3 weeks apart in Tsukuba, the sampling dates have to be apportioned between L. angustifolia and lavandin depending upon the cultivation area.
Our method is suitable for many samples, because pre-treatment is short. It is also useful for evaluating fragrance uniformity in a variety. The analytical results of different sampling dates in every variety showed a similar fluctuating pattern of ratios during the flowering period in 3 different cultivation places and in different years, and the relative position of ratios among varieties were nearly constant. The fragrance contains many ingredients, each of which is produced with reactions in a biosynthetic pathway. It is possible to increase varietal characteristics using content ratios by inducing reactions between ingredients.
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